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(54) INK JET PRINTER HEAD, METHOD OF MANUFACTURING THE SAME, AND INK 



(57) In an ink jet printer head which ejects ink drops 
from a nozzle (11) formed on the surface of the nozzle 
plate 1, wherein a metal layer (13) and a sulfur com- 
pound layer (14) are formed on the surface of the noz- 
zle. Gold atoms of the metal layer (13) and sulfur atoms 
of the sulfur compound layer (14) are bonded covalently 



and form a water repellant thin film. 
Since ink does not remain on the nozzle surface, prob- 
lems such as ink drops being pulled by residue ink and 
the ejection direction of ink drops being bent are elimi- 
nated. 



FIG.5 
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Description 
Field of Application 

5 The present invention relates to an ink jet printer head. In particular, the present invention relates to an improve- 
ment of a nozzle surface of the ink jet printer head which selectively attaches ink drops to a recording medium. 

Background of prior Art 

10 High speed printing, low noise and high print quality are being demanded of ink jet printers. Also high performance 
capability is demanded of an ink jet printer head. In order to satisfy these demands, conditions of the nozzle surface of 
the ink jet printer head plays an important role. 

Often, ink, paper dust and the like attaches on the nozzle surface. When such attachments are present on the noz- 
zle surface, the ink drops which are being ejected out of the nozzle are attracted to these attachments and the ink drops 

15 are ejected in a direction that is different from the original ejection direction. If the amount of such attachments Is large, 
the proper ink drops are not formed. In order to resolve these problems, it has been considered important to provide ink 
repellant properties (e.g., water repellant property) to the nozzle surface. By providing ink repellant properties to the 
nozzle surface, attachment of ink and paper dust may be reduced. Methods in which silicon type compounds or fluoride 
type compounds are formed on the nozzle surface have been suggested as a technique to provide such ink repellant 

20 properties. 

However, the nozzle surface on which silicon compounds and the like are formed has presented a problem in that 
the nozzle surface has poor resistance against various inks. The silicon type compound has a siloxane bond (Si— O) 
as part of its basic structure. The siloxane bond is easily cleaved by a base. Hence, the resistance of the nozzle surface 
has been weak against the inks containing alkaline components. In other words, the ink used for an ink jet printer con- 
25 tains water in which many components such as dye, solvent and surfactant are added. A dye is a saH made of acid and 
alkaline. The salt is Ionized In the water and forms a base (ammonium ion, sodium ion. calcium ion and the like). More- 
over, in order to improve penetration of the solvent into the paper, a solvent with high level of chemical activity such as 
one that melts the paper fiber is used. Such solvents naturally also have the function of decomposing the silicon com- 
pounds. 

30 Moreover, the adhesive power of fluorine compounds with the nozzle surface is small. Hence, this created a prob- 
lem such that compounds are easily peeled off from the nozzle surface by the cleaning operation (hereafter wiping) of 
the print head to wipe off the Ink. paper dust and the like that are attached on the nozzle surface. There has been no 
simple method to reprocess the nozzle surface once the ink repellant film is removed from the nozzle surface. Hence, 
even if other parts of the ink jet printer head is operating normally, the entire ink jet printer head has to be replaced. 

35 A first object of the present invention is to provide an ink jet printer head with water repellant property without sub- 
stantial deterioration of its ink drop ejection capability, and to provide a method of making such an Inkjet printer head. 

A second object of the present invention is to provide an Inkjet printer head which substantially maintains its water 
repellant property caused by wear of the nozzle surface, and to provide an ink for use therein. 

40 Disclosure of the Invention 

A first embodiment of the invention achieves the first object. In other words, the first embodiment is an ink jet printer 
head, wherein ink drops are ejected from the nozzle being formed on the nozzle surface, wherein a water repellant layer 
conrprising a metal layer containing metal is formed on said nozzle surface, and wherein a sulfur compound layer con- 
45 taining sulfur compounds is formed on said metal layer, 

A second embodiment invention achieves the first object. In other words, the second embodiment is an ink jet 
printer head of Claim 1 wherein said water repellant layer comprises an intermediate layer consisting of nickel, chrome, 
tantaiine. or titanium, or an alloy made of these metais between the member forming said nozzle surface and said metal 
layer. 

50 A third embodiment of the invention achieves the second object. In other words, the third embodiment is an ink jet 
printer head of Claim 1 or Claim 2 wherein said water repellant layer is formed on the inner wall of said nozzle. 

A fourth embodiment of the invention achieves the second object. In other words, the fourth embodiment is an ink 
jet printer head of Claim 1 or Claim 2 wherein said nozzle is provided inside indentation section of said nozzle surface. 
A fifth embodiment of the invention achieves the first object. In other words, the fifth embodiment Is an Inkjet printer 
55 head of Claim 1 or Claim 2 comprising a cavity for filling the ink and a pressure apparatus for causing a volume change 
in said cavity, wherein ink drops are made to be ejected out of said nozzle by the volume change of said cavity. 

A sixth embodiment of the invention achieves the first object. In other words, the sixth embodiment is an ink jet 
printer head of Claim 5 wherein said pressure apparatus is made of a piezoelectric element. 
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A seventh embodiment of the invention achieves the first object. In other words, the seventh embodiment is an ink 
jet printer head of Claim 5 wherein said pressure apparatus is made of a heat generating element. 

An eighth embodiment of the invention achieves the first object. In other words, the eighth embodiment is an ink jet 
printer head wherein said sulfur compounds are thiol compounds. 
5 A ninth embodiment of the invention achieves the first object. In other words, the ninth embodiment is an ink jet 

printer head of Claim 8 wherein said thiol compounds have the following structure: 
R — S — H (R represents a hydrocarbon radical) 
A tenth embodiment of the invention achieves the first object. In other words, the tenth embodiment is an ink jet 
printer head of Claim 8 wherein R of said thiol compounds has the following structure: 
10 CnH2n+1 — 

An eleventh embodiment of the invention achieves the first object. In other words, the eleventh embodiment is an 
ink jet printer head of Claim 8 wherein R of said thiol compounds has the following structure: 
CnF2n+1— " 

A twelfth embodiment of the invention achieves the first object. In other words, the twelfth embodiment is an ink jet 
75 printer head of Claim 8 wherein R of said thiol compounds has the following structure: 
CnF2n+1-CmH2m— 

A thirteenth embodiment of the invention achieves the first object. In other words, the thirteenth embodiment is an 
ink jet printer head of Claim 1 wherein said sulfur compounds comprise a mixture of the following two types of thiol mol- 
ecules: 

20 R1 — SH, R2 — SH (R1 and R2 are mutually exclusive chemical structures). 

A fourteenth embodiment of the invention achieves the first object. In other words, the fourteenth embodiment is an 
ink jet printer head of Claim 1 wherein said sulfur compounds comprise the following chemical formula: 

HS— R3-^H. 

25 

A fifteenth embodiment of the invention achieves the first object. In other words, the fifteenth embodiment is an ink 
jet printer head of Claim 1 wherein said sulfur compounds comprise the following chemical formula: 

R4— S— S^4 

30 

A sixteenth embodiment of the invention achieves the first object. In other words, the sixteenth embodiment is an 
ink jet printer head of Claim 13 wherein Rl and/or R2 of said thiol compounds comprise the following chemical formula: 

CnF2n+1 — 

35 

A seventeenth embodiment of the invention achieves the first object. In other words, the seventeenth embodiment 
is an ink jet printer head of Claim 13 wherein Rl and/or R2 of said thiol compounds comprise the following chemical 
formula: 

40 CnF2n+1 -CmH2m — 

An eighteenth embodiment of the invention achieves the first object. In other words, the eighteenth embodiment is 
an ink jet printer head of Claim 14 wherein R3 of said thiol compounds comprise the following chemical formula: 

(CnF2n+l) (CnF2n+l) 

1 

— C 



A nineteenth invention achieves the first purpose. In other words, the nineteenth invention is an ink jet printer head 
55 of Claim 14 wherein R3 of said thiol compounds comprise the following chemical formula: 



45 



50 



H 
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(CnF2n+l-CmH2m) (CnF2n+l-CinH2m) 

— C C 

I 1 
H H 



10 

A twentieth embodiment of the invention achieves the first object. In other words, the twentieth embodiment is an 
ink jet printer head of Claim 14 wherein R3 of said thiol compounds comprise the following chemical formula: 



CnF2n+l 



CnF2n+l 

20 



XX 




A twenty-first embodiment of the invention achieves the first object. In other words, the twenty-first embodiment is 
an ink jet printer head of Claim 14 wherein R3 of said thiol compounds comprise the following chemical formula: 

25 

CnF2n-fl -CmH2m 

in 

CnF2n+l-CmH2m 



35 A twenty-second embodiment of the invention achieves the first object. In other words, the twenty-second embod- 
iment is an ink jet printer head of Claim 15 wherein R4 of said thiol compounds comprise the following chemical formula: 

CnF2n+1-CmH2m— 

40 A twenty-third embodiment of the invention achieves the first object. In other words, the twenty-third embodiment 
is an ink jet printer head of Claim 15 wherein R4 of said thiol compounds comprise the following chemical formula: 

CnF2n+1 — 

45 A twenty-fourth embodiment of the invention achieves the first object. In other words, the twenty-fourth embodiment 
is an ink jet printer head wherein the nozzle member of Claim 1 and Claim 2 is made of silicon or ceramics. 

A twenty-fifth embodiment of the invention achieves the first object. In other words, the twenty-fifth embodiment is 
a production method of an ink jet printer head comprising a step to form a metal layer on the nozzle surface of the noz- 
zle element and a step to immerse the material which forms said metal layer in a solution in which sulfur conpounds 

50 are dissolved. 

A twenty-sixth embodiment of the invention achieves the second object, in other words, the twenty-sixth embodi- 
ment is an ink, of the type of ink used in the ink jet printer head of Claim 1 or Claim 2, containing sulfur compounds. 

A twenty-seventh embodiment of the invention achieves the first object. In other words, the sulfur compounds of 
Claim 1 use a material whose static water contact angle on the surface of said sulfur compound layer is more than about 
55 100^ 
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Brief Description of Drawings 

Figure 1 : An overall perspective diagram of an ink jet printer. 

Figure 2: A perspective diagram describing a structure of an ink jet printer head. 
5 Figure 3: A perspective view of a major part (sectional cross section) of an ink jet printer head. 

Figure 4: A cross-sectional diagram conceptually depicting operation of an ink jet printer head. 

Figure 5: A cross section of a nozzle plate in a first embodiment. 

Figure 6: A diagram depicting bonding between thiol molecules and gold. 

Figure 7: A diagram depicting bonding between sulfur atoms and gold atoms. 
10 Figure 8: A diagram depicting arrangement of thiol molecules on a gold surface. 

'Figure 9: A diagram deprding ejection of ink from of an ink jet prlhter head without ink repellant property. 

Figure 1 0: A diagram depicting ejection of ink from an ink jet printer head with ink repellant property. 
• Figure 11 : A cross section of a nozzle plate for which an1ntermfe-diHtfe-layeriSlfrDvided in the first embodiment. 

Figure 12: A cross section of a nozzle plate for which an ink repellant layer is provided In the nozzle in a second 
75 embodiment. 

Figure 13: A cross section of a nozzle plate for which a step is provided in the nozzle for the third embodiment. 
Figure 14: An perspective view of an ink printer head which uses a heat generating element in the fourth embodi- 
ment. 

20 Most preferred configuration of emobidment of the invention 

Hereafter, most preferred embodiments of the present invention will be described in reference to drawings. 
(Conf iguration of f irst embodiment) 

Figure 1 is a perspective diagram of a printer in which an ink jet printer head of the present embodiment is used. 
As the figure indicates, the ink jet printer 100 of the present embodiment is structured in such a manner that a main 
body 102 comprises the Inkjet printer head 101. a tray 103 and the like which relate to the present invention. Papers 
105 are loaded in a tray 103. When the print data are supplied from a computer (not shown), a inner roller (not shown) 
takes in the paper 105 into the main body 102. The papers 105. when passing the vicinity of the roller, are printed by 
an Inkjet printer head 101 which is driven in the direction of the arrow in the figure and is discharged from an discharge 
opening 104. If the ink drops are not ejected accurately from the ink jet printer head 101 . letters and the like which are 
printed on the papers 105 are smeared or are too light. 

Figure 2 is a perspective diagram depicting a structure of the ink jet printer head of the present embodiment. As 
described in the figure, the Inkjet printer head 101 comprises a nozzle plate 1 on which nozzles 1 1 are provided and a 
flow path board 2 on which a vibration plate 3 is provided with both plates being fitted in the case 5. The flow path board 
2 is also called a pressure chamber board and a cavity (pressure chamber) 21 . a side wall 22. a reservoir 23 and the 
like are formed in it. The characteristics of the present invention relate to processing of the surface of nozzle plate of 
the ink jet printer head. 

40 Moreover, in the present embodiment, a reservoir for holding ink is provided on the flow path board but the nozzle 
plate may be a multi-layer structure and the reservoir may be provided inside of the nozzle plate structure. 

Figure 3 is a perspective diagram depicting a major section of the ink jet printer head which is composed of lami- 
nating the flow path board 2 and the vibration plate 3 on the nozzle plate. For ease of understanding, a partial cross 
section is presented. As described by the figure, the main unit of the ink jet printer head is structured in such a manner 
that the flow path board 2 is fitted with the nozzle plate 1 and the vibration plate 3. By etching silicon single crystal 
boards and the like, a plurality of cavities 21. each of which functions as pressure chamber, are provided on the flow 
path board 2. Each cavity 21 is separated by the side wall 22. Each cavity 21 is connected to the reservoir 23 through 
a supply opening 24. The nozzle 11 is provided in the nozzle plate 1 at the location corresponding to the cavity 21 of 
the flow path board 2. For example, the vibration plate 3 is made of a heat oxidation film. A piezoelectric element 4 is 
formed at the location corresponding to the cavity 21 on the vibration plate 3. Moreover, an ink tank opening 31 is pro- 
vided in the vibration plate 3. The piezoelectric element 4 is structured in such a manner that a PZT element and the 
like is pinched by the upper electrode and the lower electrode (not shown). The following explanation will be based on 
the cross section of the Inkjet printer head with respect to the line A-A in Figure 3. 

Operation principle of the Inkjet printer head will be described with reference to Figure 4. The ink is supplied from 
the ink tank in the case 5 into the reservoir 23 through the ink tank opening which is provided in the vibration plate 3. 
The ink flows into each cavity 21 . from the reservoir 23 through the supply opening 24. The volume of piezoelectric ele- 
ment 4 changes when voltage is applied between the upper electrode and the lower electrode. This volume change 
deforms the vibration plate 3. which in turn changes the volume of the cavity 21 . The vibration plate 3 does not deform 
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unless the voltage is applied. However, upon application of the voltage, the vibration plate 3 deforms to the position of 
the post deformation vibration plate 3b, or post deformation piezoelectric element 4b, which are described by broken 
lines in the figure. When the volume within the cavity 21 changes, the pressure of the ink 6 being filled in the cavity rises, 
causing ink drop 61 to be ejected out of nozzle 1 1 . 

Figure 5 is a cross section depicting layer structure of the nozzle plate in the present embodiment. The figure is an 
enlarged aoss section of the vicinity of the nozzle of figure 3 and figure 4. The symbol la indicates the nozzle plate in 
the present embodiment. Nozzle plate 1a is made of laminating metal layer 13 and sulfur compound layer 14 on the ink 
drop ejecting side of the nozzle member 12. The same structures in figure 2 and figure 3 are identified with the same 
symbol. A meniscus 62a of ink is formed in the nozzle 1 la due to surface tension of the ink. In other words, ink filled in 
the cavity 21 does not spread over the surface of nozzle plate la, but only forms the meniscus 62a in the nozzle 11a. 
due to ink repellent property of the sulfur compound layer 1 4. 

The nozzle member 12 may be made of any material as long as it provides certain bonding forces between itself 
and the metal layer. For example, glass or metal plate may be used. However, in order to reduce manufacturing cost 
and to make the intricate process such as drilling the nozzle hole easier, silicon or ceramics are preferred. Here, if sili- 
con or ceramic is used, it is preferred to provide an intermediate layer which will be explained later in the present 
embodiment (see Figure 11). 

For the metal layer 13, use of gold (Au) is preferred because of its chemical and physical stability. Other metals 
such as (Ag), copper (Cu), indium (In) and gallium-arsenic (Ga-As) which chemically adsorb sulfur compounds may 
also be used. Publicly known techniques such as the sputter method, evaporation method and the plating method, may 
be used to form metal layer 13 onto the nozzle member 12. The choice of the method is not particularly limited as long 
as the method is able to form a uniform thickness of the thin metal film (for example 0.1 jim). 

A sulfur compound layer 14 is formed on the metal layer 13. Formation of the sulfur compound layer 14 is accom- 
plished by dissolving sulfur compound into solution and by immersing the nozzle plate la on which the metal layer 13 
is formed in the solution. 

Here the sulfur compound refers to a general name of a compound, among organic containing sulfur (S), which 
contains one or more thiol functional groups or a compound which forms a disulfide bond (S ■ S bonding). These sulfur 
compounds spontaneously and chemically adsorb to metal surfaces such as gold in the solution or under volatile con- 
ditions and form single molecule film that is close to a two dimensional crystal structure. The molecule film created by 
spontaneous and chemical adsorption is called a self-organizing film or a self-assembly film. Currently, t>asic study and 
applied study of the self-assembly film is in progress. In the present embodiment, gold (Au) is used, but the self-assem- 
bly film may be formed equally on other metal surfaces that are mentioned above. 

A thiol compound is preferred as a sulfur compound. The thiol compound refers to a general name for an organic 
compound (R-SH where R represents a hydrocarbon radical such as an alkyl group) containing a mercapto group (- 
SH). 

Next, a method of sulfur compound generation is described using Figure 6. The figure describes a case in which 
gold is used as a metal layer, and a thiol compound is used as a sulfur compound. The thiol compound has an alkyl 
group or the like for the head section and a mercapto group for the tail section as described in Figure 6 at (a). The thiol 
compound is dissolved with 1 - lOmM ethanol solution. A gold film which is created as in Figure 6 at (b) is immersed in 
the solution. When the solution is left alone for about one hour at room temperature, thiol compounds begin to be spon- 
taneously assembled on the gold surface (Figure 6 at (c)). Moreover, a two dimensional single molecule thick film of 
thiol molecules is formed on the gold surface (Figure 6 at (d)). 

Figure 7 describes a condition of the bonding between molecules when the single molecule thick film of thiol com- 
pound is formed. The reaction mechanism of the chemical adsorption of sulfur atoms on the metal surface is not com- 
pletely known. However, a structure in which an organic sulfur compound is adsorbed on a gold (0) surface as Au (1) 
thiolate (RS - Au+) may be possible. Bonding of a gold atom of metal layer 13 with a sulfur atom of a sulfur compound 
layer 1 4 is dose to covalent bonding (40 - 45 kcal/mol) and a very stable molecule film is formed. 

Incidently. solid surface functionalization techniques such as self-organization of organic molecules into films, may 
be applied to such field as shining, smoothing, wetting, anti-corrosion, surface catalyst function of the material surface. 
Moreover, application of this technology in the fields of micro-electronics such as molecular elements, bio-elements and 
bio- electronics has a promising future. 

Figure 8 depicts a condition wherein a single molecule thick film of sulfur compounds is formed on the surface of 
the metal layer 1 3. As the figure depicts, the sulfur compound layer 1 4 is composed of a single molecule thick layer hav- 
ing a film thickness which is very thin (for example, about 2nm). The sulfur compounds gather very tightly preventing 
water molecules form entering the sulfur compound layer 14. Hence, the sulfur compound layer 14 displays ink repellent 
(water repellent) properties. 

In an ink jet printer head without ink repellent properties, as desaibed in Figure 9. ink 6 often spreads around the 
nozzle surface. In this case, ink drops 61a which are ejected are pulled in the direction parallel to the nozzle plate V by 
the tension of ink 6, and fail to be ejected perpendicular to the nozzle plate. 
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On the other hand in the ink jet printer head of the present invention, the nozzle surface possesses ink repellent 
properties. Ink 6 is always repelled at the nozzle surface and pools inside the nozzle 1 1 as meniscus 62, as depicted in 
Fiaure 10 Hence the ink drop 61b is not pulled by the tension of the ink and is ejected perpendicular to the nozzle 1 1 . 
Moreover' because of the ink repellent properties of the nozzle surface, the ink being ejected on the nozzle surface 
pools as drop rather than scattering over the nozzle surface. Hence, elimination of unnecessary ink drops may be easily 
accomplished by means of wiping using an elastic material such as rubber. 



TO 



(Formation of intermediate layer) 

FiQure 1 1 depicts a cross section of a layer structure of the nozzle plate for which an intermediate layer is provided. 
As described above, when silicon oV ceramiiis are "used fo'r a nozzle"mertt.er which is a basic material, the bonding 
force is strengthened by providing an intermediate layer between the nozzle member and the metal film. The same 
members in Figure 11 as in Figure 10 are identHied by the same symbols and the explanation of these members are 
omitted. 

The nozzle member 1 2b is made of silicon or ceramics. 

The intermediate layer 15 is preferably made of a material which strengthen bonding forces between the nozzle 
member and the metal film such as nickel (Ni). chrome (Cr), tantaline (Ta). or an alloy made of these metals^By provid- 
ing an intermediate layer, the bonding force between the nozzle member and the metal layer increases and the sepa- 
ration of the sulfur compound layer by mechanical f rictional forces becomes difficult. 

(ink) 

The ink 6 used for the ink jet printer head is preferably mixed with aforementioned sulfur compounds. By mixing sul- 
fur compounds, even when part of the sulfur compounds layer is damaged due to physical impact and the like, the sulfur 
compounds bond again at the location of damage on the surface of the metal layer. In short, a self-restoration function 

'^^TnlfSellent processes with such self-restoration properties eliminate special restoration operations otherwise 
reouired of users In such a case, formation of a metal layer with gold as depicted in the present embodiments is pre- 
ferred. Gold has superior malleability and gold material is seldom lost even if it is damaged. Moreover, gold has superior 
anti-chemical properties, which improve anti-chemical properties of the nozzle member. ^ ^ , 

Next, a preferred configuration of the embodiment of the ink jet printer head production method of the present 
embodiment will be described. 

(1) Embodiment 1 (corresponds to Claim 1 and Claim 10) 

in the present embodiment, an alkyi group CnH2n+1- (n = 18) was used as a hydrocarbon group R in the thiol com- 
pound (R— SH). 

(a) A gold film of thickness 0.5 nm was formed using a sputter method on a stainless steel nozzle plate on which a 
40 nozzle was formed. 

(b) C18H37SH was dissolved in ethyl alcohol to produce 1 mM solution. . . u- u 

(c) The nozzle plate on which the gold layer was formed was immersed in the 1 mM ethyl alcohol solution in which 
C18H37SH was dissolved for 10 minutes at 25"'C. 

(d) The nozzle plate was then removed and rinsed with ethyl alcohol. 
45 (e) The nozzle plate was then dried. 

inw r^nPllPntnrooertv . Contact angle with the ink was measured as an evaluation of the ink repellent property^ Two 
types of ink, ink A and ink B. having different surface tension were used for evaluation. The surface tension o^nk A was 
35dyn/cm and the surface tension of ink B was 1 9dyn/cm. The contact angle of ink A was found to be 90 and the con- 
so tact angle of ink B was found to be 60°. 

ahL^Ivp orooertv : As an evaluation of adhesive property, the nozzle plate surface was rubbed 5000 times wjh 
chloroprene rubber of rubber hardness 60° and with additional load of lOOg/cm. after which the contact angles of the 
ink relative to the nozzle were measured. As a result, all the initial contact angles were preserved and no separated sec- 

55 Intl°r!kDroSrtv : As an evaluation of anti-ink properties, the nozzle plate on which thiol compounds were formed 
was immersed in the ink for 6 days under ambient atmospheric pressure and a temperature of 60° C. after which the 
contact angles were measured. As a result, all the initial contact angles were preserved and no separated section was 

observed. 
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On site test: An Inkjet printer head depicted In Figure 10 was constructed using a nozzle plate on which thiol com- 
pounds were formed. The ink jet printer head was driven continuously 100,000 times with the response frequency of 
lOKHz: As a result, all the ink drops were ejected in a norma! direction and no abnormality such as bend in the ejection 
direction was found. 

(2) Embodiment 2 (corresponds to Claim 2 and Claim 10) 

In the present embodiment, silicon was used as a silicon member and an alkyi group CnH2n+1— (n = 18) was used 
as hydrocarbon group R in the thiol compound (R - SH). Moreover, an intermediate layer was formed with Cr in the 
present embodiment. 

(a) A Cr film of thickness 0.2 \xm was formed using a sputter method on the silicon (Si) nozzle plate on which a noz- 
zle was formed, 

{b)liJloreover."a"gbIdliim of thickness 0y5Mm'vraslbrmed"6n the Crfilm using a sputter method. 

(c) C18H37SH was dissolved in ethyl alcohol to produce a 1 mM solution. 

(d) The nozzle plate on which gold layer was formed was immersed in the 1 mM ethyl alcohol solution in which 
Cl 8H37SH was dissolved for 10 minutes at 25*C. 

(e) The nozzle plate was then removed and rinsed with ethyl alcohol. 

(f) The nozzle plate was then dried. 

Ink repellent property: Contact angle with the ink was measured as an evaluation of the ink repellent property. Two 
types of ink, ink A and ink B. having different surface tensions were used for this evaluation. The surface tension of ink 
A was 35dyn/cm and the surface escape force of ink B was 1 9dyn/cm. The contact angle of ink A was found to be 90** 
and the contact angle of ink B was found to be 60°. 

Adhesive property: As an evaluation of adhesive properties, the nozzle plate surface was rubbed 5000 times with 
chloroprene rubber of rubber hardness 60" and with an additional load of lOOgycm. after which the contact angles were 
measured. As a result, all the initial contact angles were preserved and no separated section was observed. 

Anti-ink property : As an evaluation of anti-ink properties, the nozzle plate on which thiol compound was formed was 
immersed in the ink for 6 days under ambient atmospheric pressure and a temperature of eo*' C, after which the contact 
angle were measured. As a result, all the initial contact angles were preserved and no separated section was observed. 

On site test: An Inkjet printer head described in Figure mwas constructed using a nozzle plate on which thiol com- 
pounds was formed. The ink jet printer head was driven continuously 100.000 times with the response frequency of 
lOKHz. As a result, all the ink drops were ejected in a normal direction and no abnormality such as bend in the ejection 
direction was found. 

(3) Embodiment 3 (corresponds to Claim 2 and Claim 10) 

In the present embodiment, an alloy film of NiCr was formed in place of intermediate layer with Cr in the embodi- 
ment 2. 

(a) A NiCr film of thickness 0.2 pm was formed using a sputter method on the silicon (Si) nozzle plate on which a 
nozzle was formed. 

(b) Moreover, a gold film of thickness 0.5 pm was formed on the NiCr film using a sputter method. 

(c) C18H37SH was dissolved in ethyl alcohol to produce a 1 mM solution. 

(d) The nozzle plate on which gold layer was formed was immersed in the 1 mM ethyl alcohol solution in which 
C18H37SH was dissolved for 10 minutes at 25^0 

(e) The nozzle plate was removed and rinsed with ethyl alcohol. 

(f) The nozzle plate was then dried. 

Ink repellent property: Contact angle with the ink was measured as an evaluation of the ink repellent properties. 
Two types of ink; ink A and ink B, having different surface tension were used for this evaluation. The surface tension of 
ink A was 35dyn/cm and the surlace tension of ink B was I9dyn/cm. The contact angle of ink A was found to be 90* and 
the contact angle of ink B was found to be 60**. 

Adhesive property: As an evaluation of adhesive properties, the nozzle plate surface was rubbed 5000 times with 
chloroprene rubber of rubber hardness 60^ and with an additional load of lOOg/cm. after which the contact angle was 
measured. As a result, all the initial contact angles were preserved and no separated section was observed. 

Anti-ink property: As an evaluation of anti-ink property, the nozzle plate on which thiol compound was formed was 
immersed in the ink for 6 days under ambient atmospheric pressure and at a temperature of 60** C. after which the con- 
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tact angle was measured. As a result, all the initial contact angles were preserved and no separated section was 
observed. 

On site test : An Inkjet printer head described in Figure 1 1 was constructed using a nozzle plate on which thiol com- 
pounds were formed. The ink jet printer head was driven continuously 100,000 times with the response frequency of 
5 lOKHz. As a result, all the ink drops were ejected in a normal direction and no abnormality such as bend in the ejection 
direction was found. 

(4) Embodiment 4 (corresponds to Claim 1 and Claim 1 1) 
10 In the present embodiment. CnF2n+1— (n = 12) is used as R in the thiol compound (R — SH), 

(a) A gold film of thickness 0.5 \im was formed using a sputter method on the stainless steel nozzle plate on which 
a nozzle was formed. 

(b) C12F25SH was dissolved in C8F18 to produce a 1 mM solution. 

75 (c) The nozzle plate on which gold layer was formed was immersed in the 1 mM C8F18 solution in which 
C12F25SH was dissolved for 10 minutes at 25°C. 

(d) The nozzle plate was then removed and rinsed with C8F18. 

(e) The nozzle plate was then dried. 

20 Ink repellent oropertv : Contact angle with the ink was measured as an evaluation of the ink repellent properties. 
Two types of ink, ink A and ink B. having different surface tension were used for evaluation. The surface tension of ink 
A was 35dyn/cm and the surface tension of ink B was 19dyn/cm. The contact angle of ink A was found to be 1 10** and 
the contact angle of ink B was found to be 70**. 

Adhesive orooertv : As an evaluation of adhesive property, the nozzle plate surface was rubbed 5000 times with 

25 chloroprene rubber of rubber hardness 60*" and with additional load of lOOg/cm. after which the contact angle was 
measured- As a result, all the initial contact angles were preserved and no separated section was observed. 

Anti-ink proper ty: As an evaluation of anti-ink properties, the nozzle plate on which thiol compound was formed was 
immersed in the ink for 6 days under ambient atmospheric pressure and at a temperature of SO'^ C, after which the con- 
tact angle was measured. As a result, all the initial contact angles were presen/ed and no separated section was 

30 observed. 

On site test : An Inkjet printer head described in Figure 1 1 was constructed using a nozzle plate on which thiol com- 
pound was formed. The ink jet printer head was driven continuously 100.000 times with the response frequency of 
lOKHz- As a result, all the ink drops were ejected in a normal direction and no abnormality such as bend in the ejection 
direction was found. 

35 

(5) Embodiment 5 (corresponds to Claim 1 and Claim 12) 

In the present embodiment. CnF2n+1— CmH2m— (n = 12. m = 2) was used as R in the thiol compound (R^H). 

40 (a) A gold film of thickness 0.5 |im was formed using a sputter method on the stainless steel nozzle plate on which 
a nozzle was formed. 

(b) C12F25-C2H4SH was dissolved in C8F18 to produce a 1 mM solution. 

(c) The nozzle plate on which gold layer was formed was immersed in the 1 mM C8F18 solution in which C12F25- 
C2H4SH was dissolved for 10 minutes at 25*'C. 

45 (d) The nozzle plate was then removed and rinsed with C8F18. 
(e) The nozzle plate was then dried. 

Ink repellent property : Contact angle with the ink was measured as an evaluation of the ink repellent properties. 
Two types of ink. ink A and ink B. having different surface tension were used for evaluation. The surface tension of ink 

50 A was 35dyn/cm' and the surface tension of ink B was 19dyn/cm. The contact angle of ink A was found to be 1 10** and 
the contact angle of ink B was found to be 70**. 

Adhesive property : As an evaluation of adhesive property, the nozzle plate surface was rubbed 5000 times with 
chloroprene rubber of rubber hardness 60° and with additional load of 100g/cm. after which the contact angle was 
measured. As a result, all the initial contact angles were preserved and no separated section was observed. 

55 Anti-ink property : As an evaluation of anti-ink property, the nozzle plate on which thiol compound was formed was 
immersed in the ink for 6 days under ambient atmospheric pressure and at a temperature of 60* C. after which the con- 
tact angles were measured. As a result, all the initial contact angles were preserved and no separated section were 
observed. 
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On site test : An ink jet printer head described in Figure 1 0 was constructed using a nozzle plate on which thiol com- 
pound was formed. The ink jet printer head was driven continuously 100,000 times with the response frequency of 
lOKHz. As a result, all the ink drops were released in a normal direction and no abnormality such as bend in the ejection 
direction was found. 

5 

(6) Embodiment 6 (corresponds to Claim 1 and Claim 12) 

In the present embodiment. CnF2n+1— CmH2m— (n = 10. m = 1 1) was used as R in the thiol compound (R— SH). 

10 (a) A gold film of thickness 0.5 iim was formed using a sputter method on the stainless steel nozzle plate on which 
a nozzle was formed. 

(b) Thiol compound (C1 0F21 C11 H22SH) was dissolved in ethyl alcohol to produce a 1 mM solution. 

(c) The nozzle member on which gold layer was formed was immersed in the 1 mM ethyl alcohol solution in which 
thiol compound was dissolved for 10 minutes at 25''C. (d) The nozzle member was then removed and rinsed with 

IS ethyl alcohol. 

Ink repellent prooertv : Contact angle with the ink was measured as an evaluation of the ink repellent properties. 
Two types of ink, ink A and ink B, having different surface tension were used for evaluation. The surface tension of ink 
A was 35dyn/cm and the surface tension of ink B was 19dyn/cm. The contact angle of ink A was found to be 90' and 
20 the contact angle of ink B was found to be 60**. 

Adhesive property : As an evaluation of adhesive property, the nozzle member surface was rubbed 5000 times with 
chloroprene rubber of rubber hardness 60" and with additional load of lOOg/cm, after which the contact angle was 
measured. As a result, all the initial contact angles were preserved and no separated section was observed. 

Anti-ink prooertv : As an evaluation of anti-ink property, the nozzle member on which thiol compound was formed 
25 was immersed in the ink for 10 days under ambient atmospheric pressure and a temperature of 60**C, after which the 
contact angle was measured. As a result, all the initial contact angles were preserved and no separated section was 
observed. 

Qn sitg tg?t: An ink jet printer head described in Figure 10 was constructed using a nozzle plate on which thiol com- 
pound was formed. The ink jet printer head was driven continuously 100,000 times with the response frequency of 
30 1 0KHz. As a result, all the ink drops were ejected in a normal direction and no abnormality such as bend in the ejection 
direction was found. 

(7) Embodiment 7 (corresponds to Claim 2, Claim 13, Claim 16 and Claim 17) 

35 In the present embodiment, a mixture of two different types of thiol compounds was used to mold a nozzle plate. 

(a) A Ni film of thickness 0.2 pm was formed using a sputter method on the silicon (Si) nozzle plate on which a noz- 
zle was formed. 

(b) [Moreover, a gold film of thickness O.S^m was formed on the nozzle plate on which Ni film was formed using a 
40 sputter method. 

(c) Equal moles of C10F21 (CH2)1 1 SH and C10F21SH were dissolved in dichloromethane to produce a 1 mM solu- 
tion. 

(d) The nozzle plate on which a gold layer was formed was immersed in the 1 mM dichloromethane solution in 
which a mixture of C10F21(CH2)1 ISH and C10F21SH was dissolved for 10 minutes at 25**C. 

45 (e) The nozzle plate was then removed and rinsed with dichloromethane. 
(f) The nozzle plate was then dried. 

Ink repellent property : Contact angle with the ink was measured as an evaluation of the ink repellent property. Two 
types of inK ink A and ink B, having different surface tension were used for evaluation. The surface tension of ink A was 
50 35dyn/cm and the surface tension of ink B was 1 9dyn/cm. The contact angle of ink A was found to be 1 00* and the con- 
tact angle of ink.B was found to be 70^ 

Adhesive property: As an evaluation of adhesive properties, the nozzle plate surface was rubbed 5000 times with 
chloroprene rubber of rubber hardness 60" and with an additional load of lOOg/cm. after which the contact angle was 
measured. As a result, all the initial contact angles were preserved and no separated section was observed. 
55 Anti-ink property : As an evaluation of anti-ink properties, the nozzle plate on which thiol compound was formed was 
immersed in the ink for 6 days under ambient atmospheric pressure and a temperature of 60" C. after which the contact 
angle was measured. As a result, all the initial contact angles were preserved and no separated section was observed. 
On site te?t: An ink jet printer head described in Figure 10 was constructed using a nozzle plate on which thiol com- 



10 



EP 0 829 357 A1 



70 



oound was formed. The ink jet printer head was driven continuously 100,000 times with the response frequency of 
10KHZ. As a result, all the ink drops were ejected in a normal direction and no abnormality such as bend .n the ejection 
direction was found. 

(8) Embodiment 8 (corresponds to Claim 2, Claim 14 and Claim 18) 

In the present embodiment, sulfur compounds having a formula HS-R-SH where R is expressed as 

(CnF2n+l) (CnF2n+l) 

1 - 1 . 



-C C- 

J I 

H H 



15 



are formed on the nozzle plate {n=1 0). 

(a) A Cr film of thickness 0.2 jim was formed using a sputter method on the silicon (Si) nozzle plate on which a noz- 

20 (b) MoreovTr^'gold film of thickness 0.5 urn was formed on the Cr film using a sputter method. 
(0 

(C10F21) " (C10F21) 

25 HS C C SH 

I 1 
H H 

30 

(hereafter molecule A) was dissolved in chloroform to produce a 1 mM solution. , • k- k 

(d) The noz^e plate on which gold layer was formed was immersed in the 1 mM chloroform solution m which mol- 

ecule A was dissolved for 10 minutes at 25**C. 

(e) The nozzle plate was then rennoved and rinsed with chloroform. 
35 (f) The nozzle plate was then dried. 

Ink rPnPllPnt orooertv : Contact angle with the ink was measured as an evaluation of theink repellent Properfies^ 
Two types of ink, Tnk A and ink B. having different surface tension were used for -^'^f ^^/^^^^^^^^^^^^^^ 
A was 35dyn/cm and the surface escape force of ink B was 1 9dyn/cm. The contact angle of ink A was found to be 1 10 
40 and the contact angle of ink B was found to be 70°. 

A rihP^ive orooertv : As an evaluation of adhesive property, the nozzle plate surface was rubbed 5000 times with 
chlo ropr^ne rubber of rubber hardness 60« and wrth additional load of 100g/cm, after which the contaa angle was 
measured As a result, all the initial contact angles was preserved and no separated section was observed^ 

AnSnk orooertv : As an evaluation of anti-ink properties, the nozzle plate on which thiol compound «as form^ !f s 
.5 im mersed in me ink 7or 6 days under ambient atmospheric pressure and a temperature of 60' C. after which the conj^ 
a^gle was measured. As a result, all the initial contact angles were are preserved and no separated section was 

""" Tn^itetesf An ink jet printer head described in Figure 1 1 was constructed using a nozzle plate on which thiol corr,- 
pou nd was form ed. The ink jet printer head was driven continuously 100.000 times with the response frequency of 
50 ?0KHz. AS a result, all the ink drops were ejected in a normal direction and no abnormality such as bend in the ejection 

direction was found. 

(9) Embodiment 9 (corresponds to Claim 2. Claim 14 and Claim 19) 

In the present embodiment, sulfur compounds having a formula HS-R-SH where R is expressed as 
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{CnF2n+l-CmH2ni) 
I 

C 

I 

H 



was formed on the nozzle piate (n=lO, m=ll). 

(a) A gold film of thickness 0.5 \irr\ was formed on the stainless steel nozzle plate, on which a nozzle was formed 

using a sputter method. 

(b) 



(CnF2n+l-CiiiH2m) 
C 



H 



(C10F21-C11H22) 
HS C 



(C10F21-C11H22) 
I 

-C SH 



H 



I 

H 



(hereafter molecule B) was dissolved in chloroform to produce a 1 mM solution. 

(c) The nozzle plate on which gold layer was formed was immersed in the 1 mM chloroform solution in which mol- 
ecule B was dissolved for 10 minutes at 25'*C. 

(d) The nozzle plate was then removed and rinsed with chloroform. 

(e) The nozzle plate was then dried. 

Ink repellent property : Contact angle with the ink was measured as an evaluation of the ink repellent properties. 
Tvw) types of ink. ink A and ink B. having different surface tension were used for evaluation. The surface tension of ink 
A was 35dyn/cm and the surface tension of ink B was I9dyn/cm. The contact angle of ink A was found to be 1 lO** and 
the contact angle of ink B was found to be 70**. 

Adhesive property : As an evaluation of adhesive properties, the nozzle plate surface was rubbed 5000 times with 
chloroprene rubber of rubber hardness SO-* and with additional load of lOOg/cm. after which the contact angle was 
measured. As a result, all the initial contact angles were preserved and no separated section was observed. 

Anti-ink property : As an evaluation of anti-ink properties, the nozzle plate on which thiol compound was formed was 
immersed in the ink for 6 days under ambient atmospheric pressure and a temperature of 60" C. after which the contact 
angle was measured. As a result, all the initial contact angles were preserved and no separated section was observed. 

On $itg te$t : An ink jet printer head described in Figure 1 1 was constructed using a nozzle plate on which thiol com- 
pound was formed. The ink jet printer head was driven continuously 100.000 times with the response frequency of 
lOKHz. As a result, all the ink drops were ejected in a normal direction and no abnormality such as bend in the ejection 
direction was found. 

(10) Embodiment 10 (corresponds to Claim 2, Claim 14 and Claim 20) 

In the present embodiment, sulfur compounds having a formula HS-R-SH where R is expressed as 

CnF2n-f 1 



CnF2n+l 




were formed on the nozzle plate (n=10. m=11). 
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(a) A gold film o1 thickness 0.5 ^im was 
• using a sputter method. 

(b) Molecule with formula 



formed on the stainless steel nozzle plate, on which a nozzle was formed, 



C10F21 



C10F21 




10 



15 



20 



25 



30 



35 



C was dissolved for 10 minutes at aS'^C. 

(d) The nozzle plate was then removed and rinsed with C8F18. 

(e) The nozzle plate was then dried. 

OQS!teiM:An.nk)etprmterheaddescriDe^^^^ continuously 100,000 times with the response frequency of 
direction was found. 

(11) Embodiment 11 (corresponds to Claim 2, Claim.l4 and Claim 21) 

in the present embodiment, sulfur compounds having a formula HS-R-SH where R is expressed as 

CnF2n+l - CmH2] 
CnF2n+l -CmH2m 




45 

are formed on the nozzle plate (n=1 0. m=1 1). 



(a) A NiCr film of thicKness 0.5 ,m was formed on the stainless steel nozzle plate, on which a nozzle was formed. 

using a sputter method. 

(b) Moreover, a gold film o 

(c) Molecule with formula 



so SrMoreovtL g^Sm o, thicKness 0.5 .m was formed on the NiCr film using sputter method. 



55 
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C10F21-CllH22v^SH 
C10F21-C11H22''^^^SH 

So!'' ™'''"" '''' '^^^""^ chloroform/ethyl alcohol mixture solution (70/30 vol %) to produce a 1 mM 

Si,?„n"n '^'^'^''r T'T ^"^^ '"^"'^^^ 1 "^M chloroform/ethyl alcohol mixture 

solution in which molecule D was dissolved for 1 0 minutes at 2S'C. 

(e) The nozzle plate vras then removed and rinsed with chloroform 
'5 (f) The nozzle plate was then dried. 

Ink repellent property : Contact angle with the Ink was measured as an evaluation of the ink repellent prooertv Two 
ty^es of inK ink A and ink B. having dWerent surface tension were used for evaluation. The surface teSt ofS Z 

ru,.^r^^'- °* adhesive property, the nozzle plate surface was rubbed 5000 times with 
chloroprene rubber of rubber hardness 60- and with additional load of lOOg/cm, after which the contact ami Tas 

Ttrrik ' 'Tf '"^'^^ "^"^ P^^^^^^"* "° ''^^'^^ section wis ob^evSl ' 
AntHnk property : As an evaluation of anti-ink properties, the nozzle plate on which thiol compound was formed was 
.5 imme^ed in the inkfor 6 days under ambient atmospheric pressure and a temperature of SO^Tfter wSe SrTd 

Qosrteiest. An ink jet printer head described in Figure 1 1 was constructed using a nozzle plate on which thiol cc^" 
3. dSS^n tas foui^^ ^'^''^ ' - ^'^—'^ - '^end in tS eiein 

(12) Embodiment 12 {corresponds to Claim 2. Claim 15 and Claim 22) 

35 the n"ozzTeSTn!ni"l).'' ' ^'^^^^^^ '"^^ - 

Sing ^sSer m^;'r ° '"""^ °" °" ^^''^^ ^ ^"'^ '°-ed, 

(b) Moreover; a gold film of thickness O.Spm was formed on the Cr film using sputter method 
c C10F21-C11H22.S.S-C1 1H22-C10F21 was cfissolved in dichloromethane to produce a 1 mM solution 

So^21 H2??rcn'Sp ?^ l""^ '"""^^ ' dichloromethane solution in which 

Oi0h2l-C1 1H22-S-S-C1 1H22-C10F21 was dissolved for 10 minutes at 25*>C 

(e) The nozzle plate was then removed and rinsed with dichloromethane 

(f) The nozzle plate was then dried. 

l^nliS^f^^'. ^Tn"^ ^"^'^ ^'^^ '"'^ "^'"^^^^ ^" 0* the ink repellent properties 

I wasT^^^^^^ having d^erent surface tension were used for evaluation. The surface tension of ?k 

tZ l!^ZT? ? ! ^ ^ ^ ^^"^^^ of ink A was found to be 11 0' 

and the contact angle of ink B was found to be 60^ lu cu mu 

rhin r'^n^^''''^^T'T ^1^" °^ P'^^^ s^^^ce was rubbed 5000 times with 

choroprene rubber of rubber hardness 60^ and with additional load of I00g/cm. after which the contact an Je was 
measured. As a result, all the initial contact angles were preserved and no separated section was observed. 

(13) Embodiment 13 (corresponds to Claim 2, Claim 15 and Claim 23) 

In the present embodiment, sulfur compounds having a formula R-S-S-R where R is expressed as CnF2n+1- 
were formed on the nozzle plate (n= 1 0). ^ »^nr ^n+i — 
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i^rrv.^ or* thP citainless steel nozzle plate, on which a nozzle was formed, 
(a) A Cr film of thickness 0-2|im was formed on the stainless sieei no^z « h . 

C10F21-S-S-C10F21 was dissolved for 10 minutes at25*C. 

(e) The nozzle plate was then removed and rinsed with chloroform. 

(f) The nozzle plate was then dried. 

direction was found. ^mKr>Himpnt bv tormina a metal layer on the nozzle sur- 

AS described above, in the conf iguratK.n 1 o ^'^f ^"jj,7^^^^^ head with high level of Ink repel- 

face and by forming sulfur compounds additionally on the metal layer, an inK jet primer e 
lent properties and high level of anti-wear properties may be produced. 

(Configuration of the second embodiment) 

,ntheconfigurationofembodiment2ofthepresentinvention,being^^^^^^^^^^^^^^ 
Of embodiment 1 . a ink repellent layer was formed to the ,rmer ' ^^^^^^^^^^'^^^ p.^^e of the configuration of 

Figure 12 describes an enlarged ^^^^^^^^^jl'^^^^Z^^'J^^^^ of embodiment 1 (Figure 

l^^nllZr^... Of sir compound layer 1 4, in the c^^^^^^ "Z^^^..^ same as the aforemen- 

incidently. composition of the metal layer and sulfur ^°XnT^^^m ?s mT^^^^^^ fhe me^al layer and the sulfur com- 

mechanical impact, may be achieved because '^-"^•^ ^^^^^^^^^^ t usagL such as d'ying of industrial- 

the nozzle 1 4. In particular, the configuration of element 2 « extremely e"eaive y 

use textiles and industrial printing which cause scratches on the ^"^^^^^^^^^ around the nozzle, 

makes contact with the surface of the nozzle section of ^^^^.^"'^ "^f j^^^'^^^f ,,7,^^^^^^^^^ n^eniscus of the ink 
the ink repellent film normally is damaged around ''^1^''''^'^°^'^.^^^^^ 16 which is composed 

changes resulting in deterioration of ink electing ^pab.^^^^^^^^^^ the^C^on of the present embodiment. 

embodiment will be described. 
55 Embodiment (corresponds to Claim 3) 

. ... . ,.*.ss 0. was ... J .s,nj 3 ^^-^^^7^'^ 

thickness BO^m on which a nozzle was formed. In this case, spunering h 
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r.?^' !? "^^^'^"'^ P°s'«°" respect to the target. By this a gold filrr was formed to the position that is 30um 
deep ,ns.de the nozzle (corresponds to the inner wall 16 ot Figure 12) ^ 
(b) Thiol compound (C10F21C1 1H22SH) was dissolved in ethyl alcohol to produce a 1 mM solution. 

SLhol XtnTt'LT.":'''^ '"'"^^ P'"^"" immersed in the 1 mM ethyl 

alcohol solution in which thiol compound was dissolved for 10 minutes at 25'C 

(d) The nozzle member was removed and rinsed with ethyl alcohol. 

Two rnp!of''nu -T/'^H ^ul'H "^"^ ""'"'"^^^ °< the ink repellent properties 

Two types of nk. ink A and ink B, having different surface tension were used for evaluation. The surface tens on oTJk 

the contact angle of ink B was found to be 60°. uunu-iuuew ana 

rhi» r^?!ni'^Kh^''T T'"^''"" °* ^"^^^^^^ "^^mber surface was rubbed 5000 times with 

chloroprene rubber of rubber hardness 60° and with additional load of lOOg/cm. after which the Sntact anoL ls 

,h!3S . ^"^'^^ "^^^ P'^^^^^^- "° ^-P-^^ted section was obSS Mo ec^r 

r^srofirorr^r:^^^^^^^^^^^^ 
trs:dSio^:ar;^"^"'"^^^^ 

mechlnSiS'warai^."''^^ °* ^^^^'^ '"^ -P««-« ^-tment against 

(Configuration of emtradiment 3) 

The configuration of embodiment 3 relates to improvement of the nozzle 

of 1^^^^^ an enlarged aoss sectiai of the vicinity of the nozzle in the nozzle plate of the configuration 

t^^^ZlillT''''' '''^ r! ''^ aforementioned configuration of embS 1 (Rg- 

ure 5) are identified by the same symbols and the explanation is omitted ^ 

As described in Figure 13, a step section 17 is provided in the vicinity of the nozzle 1 1d of the nozzle olate Id of 
he present configuration. Moreover, an indented section 18 is formed concentrically wrth the noile uT/^ZeJ 
lant fi m made of the metal layer 13 and the sulfur compound layer 14 is also formed insWe the sSp seSoM 7 and me 

TT I?- °' ''^ "^^'^l '^y^^ ^'^ ^°-PO""d layer can b consSre^^^^^^ 

the aforementioned configuration of embodiment 1. Moreover, an ink repellant film is made of the SSrTd the 

ziflmhT: H "! ^^P^"^""'"^ ^" '"'^-^'ate layer being pro ^^e^bet^een ,^e n^z 

Int nl T , ^ ^ ■ ™y P^°^''*^ (-^^ the e^odiment) 

lid the meLtS?;TalTh.?r' Tl*"' ^'^"^ ^'^^ - ^he nozzle 

lid. the metal layer 13 and the sulfur compound layer 14 in the indentation section 18 does not receive damaae even 

when a sharp object makes contact with the surface of the nozzle plate Id Hence meniscus 6?d d ink 6 do^. I^ 
change and the ejection capability of ink does not deteriorate. ^ 

Slmbe; I!lhirl!'f 'i '""^"^ °" ' <^') '"^'^'^^^ and on a zirconia ceramics nozzle 
member on which a nozzle was formed, using a sputter method 

(b) Moreover, a gold «lm of thickness O.Spm was formed on the Cr film, using a sputter method 
ic) Thiol compound (C10F21 Cl 1 H22SH) was dissolved in ethyl alcohol to produce a 1 mM solution 

So!J!r?f "'^^'J^".'^^^'^ 'ayer was formed was placed in ink and was immersed in the 1 mM ethyl 
alcohol solution in which thiol compound was dissolved for 10 minutes at 25°C « e i miv, einyi 

(e) The nozzle member was then removed and rinsed with ethyl alcohol. 

tvniS^n!?^n^°"'''' angle with the ink was measured as an evaluation of the ink repellent property Two 
Srn^,^ H ' ^' '^'"'^^ valuation. The surface tension of ink A 

Adhesive property : As an evaluation of adhesive properties, the nozzle member surface was rubbed 5000 times 

:east r;sTr;fu^a?,hf nr T'T. ""'^ ''"^ °' ' -^ichrc^StlZ 'wa 

!n rnu . ; '"5'^' ^^^^ P'^^^""^ "° ^epa^ated section was observed 

Anti-.nk proper ty: As an evaluation of anti-ink property, the nozzle plate on which thiol compound was formed was 
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immersed in the ink for 6 days under ambient atmospheric pressure and a temperature of 60- ^ 

an^e wS measured. As a result, all the initial contact angles were preserved and no separated secfon was observed. 

On site test- An ink jet printer head described in Figure 10 was constructed using a nozzle member wh.ch was 
r,.hbS5£lSo ind paper The Inkjet printer head was driven continuously 100.000 times wrth the response fre- 
; puenfy ^nOKHz Xs a r'es'X all the ink drops were ejected in a norma, direction and no abnormality such as bend .n 
the ejection direction was found. 

(Configuration of embodiment 4) 
,o ' An ^amoTe d^anink'i^ printer head which operates by means of a heat generating element is described Figure 

ZalLZ the configuration of embodiment 2, and the step section 17 and the .ndented section 18 wh.ch are 
described in the configuration of embodiment 3 may be applied to the nozzle P'ate 7^ structures 
A cavity 81 a side wall 82, a reservoir 83 and a supply path are formed on the flow path boa d 8. These sfruc^ures 
A cavity »J • ° • g.r„_t„.gs o, ^^e flow path board 2 which are described in the aforementioned config- 

"'i:- nTrSS!^!nt 1 ^hfplutS of Lv^^^^^^^ -ith specific interval corresponding to print density. 

Sh cavity^t rdU-" by thfsSe w:l.?2. The cavrty 81 is pinched between the side wall of the flow path board 8. 

^°rth?:rs=^i"ruc^^^^^ 

92 l^k Tn the riervo?^^^ is supplied to the cavity 81 through the supply opening 84. When electric S^nals are supphed 
fo the heaJgene^Tng elemen^SI through driving circuit (not shown) the heat generating element 
As a resul ink wh ch is filled in the cavity of the heat generating element 91 which is generating heat .s vaporized and 
aJ buSes are geTeraL. These air botiles cause ink to be ejected from the nozzle 71 which is provided oon^pon6- 
fr^q^o^e cavity r^^^^ time, the ejecting side of the nozzle plate 7 displays ink repellent properties because erf the 
t uSuTe de^Sbed in configuration of embodiments 1 - 3. Hence, no ink remains on the "ozz^ ^-^^^^ -^'^^ 
e ec«na ink in the direction parallel to the nozzle surface resulting in the ejection direction to be bent. 
' Sescribe^ above, the configuration of embodiment 4 demonstrates that the present invention "^^V .^e apph^ to 
the i^k jet print? head in which air bubbles are generated by the heat generating elements to e,ect ink. Similar effects. 
35 as ones described in configurations of embodiment 1 - 3. are obtained. 

(Configuration of embodiment 5) 

m the configuration of embodiment 5 of the present invention, wetting properties of the ^^^ace whi^"; is '^"^^^l 
a moleclr film of the su»ur compound layer and which possesses ink repellent function is evaluated by the size of the 

""Tbre"?det'lUtearement results of the contact angle between water and ink, anti-wear properties and sta- 
bility JnkscatteingoTS^^^ head Which uses thiol compounds as sulfur compounds. Moreover, in order 
TcCare eTrZ^es of the ink jet printer head of the present invention against f P^^^'J- 
without sulfur compounds, properties obtained when nozzle surfaces are made of gold and stainless steel are also 

described. 
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Embodiment 

Kjijmhpr 


Thiol Compound 


Contact • 
Angle (Water) 


Contact - 
Angle (Ink) 


Anti-Wear 
Properties 


Ink -Scatter- 
ing Stability 


* 1 




120 


72 


0 


0 


2 


CF3(CF2)7(CH2)6SH 


118 


70 


0 


0 


3 


CF3(CF2)9(CH2)2SH 


115 


64 


0 


0 


4 


CH3(CH2)17SH 


103 


60 


o 


•o 


5 


{CF3(CF2)9(CH2)22)2=SS 


120 


74 


0 


0 


6 


{CF3(CF2)7(CH2)6}2=SS 


116 


70 


o 


0 


Comparative 
Embodiment 1 


Gold (Au) Surface only 


50 


16 


X 


X 


Comparative 
Embodiment 2 


Stainless-Steel surface only 


35 


15 


X 


X 



Thiol compounds of each example In Table 1 were produced by the following method. 



(a) A thin gold film of thickness 200nm was formed on the stainless steel board using a sputter method 

n JTh f component described in Table 1. 0.ImM each, were immersed for about one hour 

in the disulfide ethanol solution. 

25 (c) After immersion, the board was then washed with ethanol and dried at room temperature. 
Measurement : 
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1. Contact angle: Distilled water drops and ink drops were placed on each surface and the static contact angles 
SpnlTf '^'"Perature. For the contact angle measurement instrument. CA-D made by K^wa 
rTZ H Ti^r' "'"^ '"^^surement was composed of distilled water, ethylene gly- 
col, dye. distribution agent and pH adjustment agent. The viscosity was about 6 cps • X e e giy 

2. AntMArear property. The surface of the nozzle plate on wWch molecule film was formed was rubbed 5000 times 
In .H?""'!"" °' ^^"^"'^^ ^° °* ^009/cm. after which the wetting condi- 
r 5 >^ f l"^ u ''"^'"^ '° '"^ "^^ '«'^«'"9 «as determined by (i) immers- 
ing each board which was rubbed in ink solution followed by airing the board at room temperature for five minutes 
and (11) by raising the board which was aired to determine whether the ink was smeared on the surface or whether 
ink repellent properties were maintained. wnemer 

3. Ink scattering stability: An ink jet printer head using a nozzle plate on which thiol compound layer was formed 
was produced. From the nozzle of the head produced, about one billion ink dots were continuously sprayed Dot 
conditon of Pr.nt patterns being formed by ink spray was examined. Measurement was conducted by contLously 

gTnTaZrf^^^^^^^^ 

rnntl.Tn'^f Of embodiment 5 enables regulation of ink repellent properties of sulfur compound by adjusting 
eSenrperfornl^nce ' compounds which have a contact angle with water of no less than 100- results in 

Field of Application 

.rJ^J^''"^^ l^"^ configuration of the embodiments, the ink jet printer head and its production method of the 
c S T ^If °' '""^ '"P"""' compounds, which prevent ink from remaining on the nozzle 

surface. Hence, problems such as ink being pulled by the residue ink which remains on the surface, causing bend in ink 
drop ejection direction, are eliminated. a '-v 

the nozzle, the ink jet printer head becomes stronger against wear and is able to maintain ink repellant properties 
•s ach" e^™""'' """"^ ""'^ '""^^ '^P^" *^"ction against pealing of the sulfur compound layer 



18 



EP 0 829 357 A1 



10 



15 



Claims 

1 An ink jet printer head, of the type of the ink jet printer head wherein ink drops are ejected from the nozzle being 
formed on the nozzle surface, wherein a water repellent layer comprising a metal layer containing metal to be 
formed on said nozzle surface, and a sulfur compound layer consisting of sulfur compounds to be formed on said 
metal layer is formed. 

2 An ink jet printer head of Claim 1 wherein said water repellant layer comprises an intermediate layer consisting of 
nickel, chrome, tantalum or titanium, or an alloy made of these metals between the member forming said nozzle 
surface and said metal layer. 

3. An ink jet printer head of Claim 1 or Claim 2 wherein said water repellent layer is formed on the inner wall of said 
nozzle." 

4. An ink jet printer head of Claim 1 or Claim 2 wherein said nozzle is provided inside indented section of said nozzle 
surface. 

5 An ink jet printer head of Claim 1 or Claim 2 comprising a cavity for filling the ink and a pressure apparatus for caus- 
ing a volume change in said cavity, wherein ink drops are made to eject out of said nozzle by the volume change 
20 of said cavity. 

6. An ink jet printer head of Claim 5 wherein said pressure apparatus is cooposed of a piezoelectric element. 

7. An ink jet printer head of Claim 5 wherein said pressure apparatus is composed of a heat generating element. 

8. An ink jet printer head wherein said sulfur compounds are thiol compounds. 

9. An ink jet printer head of Claim 8 wherein said thiol compounds have the following structure: 
R__S— H (R represents a hydrocarbon radical). 

1 0. An ink jet printer head of Claim 8 wherein R of said thiol compounds has the following structure: 

CnH2n+1 — 

11. An ink jet printer head of Claim 8 wherein R of said thiol compounds has the following structure: 

35 ' ~ CnF2n+1— ^ " . - . » ^ _ - -.. . . „ . . . ... 

1 2. An ink jet printer head of Claim 8 wherein R of said thiol compounds has the following structure: 

CnF2n+1-CmH2m— 

40 1 3. An ink jet printer head of Claim 1 wherein said sulfur compounds comprise a mixture of the following two types of 
thiol molecules: 

R1_SH. R2— SH (R1 and R2 are made of mutually exclusive chemical structures). 

14. An ink jet printer head of Claim 1 wherein said sulfur compounds comprise the following chemical formula: 

HS— R3— SH. 

1 5. An ink jet printer head of Claim 1 wherein said sulfur compounds comprise the following chemical formula: 

R4_S— 5— R4 
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1 6. An ink jet printer head of Claim 1 3 wherein R1 and/or R2 of said thiol compounds comprise the following chemical 
formula: 

CnF2n+1 — 

17. An ink jet printer head of Claim 13 wherein R1 and/or R2 of said thiol compounds comprise the following chemical 
formula: 
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CnF2n+1-CmH2m— 

18. An ink jet printer head of Claim 14 wherein R3 of said thiol conpounds conprise the following chemical formula: 

{CnF2n4-l) (CnF2n+l) 
1 I 

C— . Q 



H' 



75 19. An ink jet printer head of Claim 1 4 wherein R3 of said thiol conpounds comprise the following chemical formula: 

(CnF2n+l-CmH2m) (CnF2n+l-CmH2m) 

I I 
C C 

I I 
H H 

25 



20. An ink jet printer head of Claim 14 wherein R3 of said thiol conpounds comprise the following chemical formula: 

CnF2n+l 



35 CnF2n + l 




40 21 . An ink jet printer head of Claim 1 4 wherein R3 of said thiol compounds comprise the following chemical formula: 

CnF2n+l -CmH2m 



CnF2n-fl-CmK2 



m 



50 



55 



22. An Inkjet printer head of Claim 15 wherein R4 of said thiol compounds comprise the following chemical formula: 

CnF2n+1-CmH2m— 

23. An ink jet printer head of Claim 15 wherein R4 of said thiol compounds comprise the following chemical formula: 

CnF2n+1 — 
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24. An ink jet printer head wherein the nozzle member of Claim 1 and Claim 2 is made oi silicon or ceramics. 

25. A production method of an ink jet printer head comprising a step to form a metal layer on the nozzle surface of the 
nozzle member and a step to immerse the material which forms said metal layer in a solution in which sulfur com- 

5 pounds are dissolved. 

26. An ink used for the ink jet printer head of Claim 1 or Claim 2. wherein said ink includes sulfur compounds. 

27. An ink jet printer head of Claim 1 wherein the sulfur compound layer use a material in which a static water contact 
10 angle on the surface of said sulfur compound layer is more than about 100°. 
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F1G.2 




lot :INTC JET PRINTER HEAD 
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FIG.3 



3/:iNK TANK OPENING 




PLATE . BOARD 
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FIG.8 
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